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(54) Image display apparatus for forming an image with a plurality of luminescent points

(57) The present invention relates to an image dis-
play apparatus for forming an image with a plurality of
luminescent spots to be precisely aligned in a matrix.
For example, a spacer disposed between an electron
source and a face plate causes luminescent spots on
the face plate spaced unevenly. The luminescent spots
spaced unevenly will produce a visual unevenness in
luminance which deteriorates the quality of produced
image. By modifying the quantity of light of luminescent
spots spaced unevenly, the visual unevenness in lumi-
nance is compensated.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to an image dis-
play apparatus for forming an image with a plurality of
luminescent spots.

Related Background Art

[0002] Image display apparatus have been known
which form an image using an electron source.
[0003] In a configuration in which a member is irradi-
ated through exposure to electrons outputted from an
electron source, preferably the electron path between
the electron-emitting region and irradiated part is under
a vacuum atmosphere.
[0004] However, if the pressure inside is reduced, the
pressure difference from atmospheric pressure outside
will act to deform the depressurized space. Under such
circumstances, preferably a configuration with spacers
installed inside is adopted.
[0005] An example of an image display apparatus in
which spacers are installed inside has been disclosed
in Japanese Patent Application Laid-Open No.
10-301527.
[0006] Technology disclosed in this patent application
offers a configuration in which spacers are installed be-
tween an electron source and face plate. Also, the pat-
ent application discloses that the spacers, when
charged, will bend trajectories of electrons emitted from
cold cathode devices in the direction closing to the spac-
er, that electrons which bombard positions different from
proper positions on phosphors may cause image distor-
tion, and that the electrons emitted from the devices and
bombarding the spacers may reduce luminance near
the spacers.
[0007] The patent application described above also
discloses that the arrival position, on the face plate, of
the electrons emitted from the devices can be adjusted
as required by changing the voltage applied to the de-
vices. Also, the patent application discloses a configu-
ration in which the distance between the electron-emit-
ting region and landing position of electrons is made ap-
proximately equal for all the devices by applying differ-
ent voltages to the devices near the spacers and the
other devices. Also, the patent application discloses a
configuration in which the amounts of electrons emitted
from all the devices are made approximately equal by
varying the electron emission characteristics of the de-
vices even when the distance between the electron-
emitting region and landing position of electrons is made
approximately equal for all the devices by applying dif-
ferent voltages to the devices near the spacers and the
other devices.
[0008] Besides, USP. 6,121,942 and USP. 6,140,985

disclose a configuration for adjusting electron irradiation
position while Japanese Patent Application Laid-Open
No. 11-194739 discloses a configuration for adjusting a
luminescent area depending on resolution. Other patent
applications which relate to technologies employing
spacers and electron-emitting devices include Japa-
nese Patent Application Laid-Open No. 9-190783 and
European Patent Publication Nos. EP 0 869 530 A2, EP
0 869 528 A2, and EP 0 875 917 A1.

SUMMARY OF THE INVENTION

[0009] Configurations for forming an image with a plu-
rality of luminescent spots may cause visual uneven-
ness in luminance.
[0010] One of more concrete problems which can be
corrected by an embodiment of the present invention is
as follows. As described above, spacers may deflect
electron trajectories. Not only spacers, but also any
member installed in the area where electron-emitting
devices are arranged may deflect electron trajectories.
[0011] In addition to the electron-emitting devices de-
scribed above, electro-luminescent devices, when used
as display elements, may cause luminescent spots
which form an image to shift from desired position.
[0012] The object of the present invention is to provide
an image display apparatus which can form images of
improved quality using a simple configuration.
[0013] An image display apparatus according to the
present invention comprises:

an electron source having electron-emitting devic-
es; and
an irradiated member which is disposed in opposing
relation to the electron source and forms a lumines-
cent spot at a different location on itself correspond-
ing to different electron-emitting device by irradia-
tion with electrons emitted from each of the above
described electron-emitting devices,
wherein intervals between adjacent luminescent
spots in a given direction are nonuniform, the quan-
tity of light of at least one luminescent spot is cor-
rected, and the light quantity correction of the lumi-
nescent spot reduces visual unevenness in lumi-
nance.

[0014] The visual unevenness in luminance here
means the unevenness in luminance perceived by an
observer with normal eyesight when he/she observes
the irradiated member on which a plurality of lumines-
cent spots are formed. Specifically, unevenness in lumi-
nance is observed by an observer with normal eyesight
(1.0) at a distance of L from the irradiated member when
L is given by the following equation where K is the av-
erage value of the above described intervals between
adjacent luminescent spots in the given direction.
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For example, if K is 0.5 mm, L is 1.72 m.
[0015] The description that light quantity correction
reduces visual unevenness in luminance means that the
unevenness in luminance observed under the above ob-
servation conditions without correction is reduced (or
eliminated) when observed after correction according to
the present invention.
[0016] Thus, technical significance of the present in-
vention lies in the fact that even if intervals between lu-
minescent spots are nonuniform, the present invention
reduces visual unevenness in luminance (visual une-
venness in brightness) without making the intervals be-
tween luminescent spots completely uniform. In other
words, when intervals between luminescent spots are
nonuniform, although the present invention does not
rule out a configuration in which intervals between lumi-
nescent spots become more uniform as a result of the
light quantity correction according to the present inven-
tion or a configuration in which separate control is per-
formed so as to make intervals between luminescent
spots more uniform along with the light quantity correc-
tion according to the present invention, the scope of the
present invention does not cover a configuration in
which corrections are made in such a way as to make
otherwise nonuniform intervals between luminescent
spots completely uniform.
[0017] The present invention includes the following
image display apparatus.
[0018] An image display apparatus comprising:

an electron source having electron-emitting devic-
es; and
an irradiated member which is disposed in opposing
relation to the electron source and forms a lumines-
cent spot at a different location on itself correspond-
ing to different electron-emitting device by irradia-
tion with electrons emitted from each of the above
described electron-emitting devices,
wherein the amounts and/or directions of displace-
ment of luminescent spots from respective refer-
ence positions defined at regular intervals in a given
direction are nonuniform and the quantity of light of
some luminescent spots which form an image are
corrected according to the amounts and/or direc-
tions of the displacement,

and
an image display apparatus comprising:

an electron source having electron-emitting devic-
es; and
an irradiated member which is disposed in opposing
relation to the electron source and forms a lumines-
cent spot at a different location on itself correspond-
ing to different electron-emitting device by irradia-

L = K / (2 tan (1/120)°)
tion with electrons emitted from each of the above
described electron-emitting devices,
wherein the amounts and/or directions of displace-
ment of luminescent spots from respective refer-
ence positions defined at regular intervals in a given
direction are nonuniform, the quantity of light of at
least one luminescent spot is corrected, and the
light quantity correction of the luminescent spot re-
duces visual unevenness in luminance.

[0019] The reference positions here are defined virtu-
ally, at regular intervals in a given direction. The interval
between adjacent luminescent spots in an area where
a plurality of luminescent spots are arranged at approx-
imately equal interval is taken for the regular interval
(reference interval). Visual distribution of brightness is
uniform within an area where a group of luminescent
spots are arranged at regular intervals and displaced in
an equal amount and in the same direction from the re-
spective reference positions. If the electron-emitting de-
vices are arranged uniformly in a given direction and
they have the same device configuration, the intervals
between the electron-emitting regions of the electron-
emitting devices adjacent to each other in the given di-
rection described above are taken for the regular inter-
vals.
[0020] Also, the present invention includes the follow-
ing image display apparatus.
[0021] An image display apparatus comprising:

an electron source having electron-emitting devic-
es; and
an irradiated member which is disposed in opposing
relation to the electron source and forms a lumines-
cent spot at a different location on itself correspond-
ing to different electron-emitting device by irradia-
tion with electrons emitted from each of the above
described electron-emitting devices,
wherein the above described electron source at
least includes six electron-emitting devices which
are arranged in a given direction and which form six
respective luminescent spots, and
among the six luminescent spots, the interval be-
tween the two luminescent spots at the center is the
smallest of the intervals between adjacent lumines-
cent spots, and a correction has been made to
make the quantity of light of at least one of the two
luminescent spots relatively smaller than the quan-
tity of light of the other luminescent spots,

and
an image display apparatus comprising:

an electron source having electron-emitting devic-
es; and
an irradiated member which is disposed in opposing
relation to the electron source and forms a lumines-
cent spot at a different location on itself correspond-
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ing to different electron-emitting device by irradia-
tion with electrons emitted from each of the above
described electron-emitting devices,
wherein the above described electron source at
least includes six electron-emitting devices which
are arranged in a given direction and which form six
respective luminescent spots, and
among the six luminescent spots, the interval be-
tween the two luminescent spots at the center is the
largest of the intervals between adjacent lumines-
cent spots, and a correction has been made to
make the quantity of light of at least one of the two
luminescent spots relatively larger than the quantity
of light of the other luminescent spots.

[0022] In each of the image display apparatus de-
scribed above, the present invention may include a con-
figuration which comprises deflectors for deflecting the
trajectories of the electrons emitted from the above de-
scribed electron-emitting devices. Any such deflector, if
installed, tends to produce nonuniformity in the intervals
between luminescent spots or in the displacement of lu-
minescent spots from the reference positions, but the
present invention can solve visual problems without
eliminating the nonuniformity completely.
[0023] The "deflector" here is not limited to the one
intended to cause deflection intentionally. It refers to a
member which deflects electron trajectories, whether in-
tentionally or not.
[0024] Also, the present invention includes the follow-
ing image display apparatus.
[0025] An image display apparatus comprising:

an electron source having electron-emitting devic-
es; and
an irradiated member which is disposed in opposing
relation to the electron source and forms a lumines-
cent spot at a different location on itself correspond-
ing to different electron-emitting device by irradia-
tion with electrons emitted from each of the above
described electron-emitting devices,
wherein the above described image display appa-
ratus further comprises a deflector for deflecting the
trajectories of the electrons emitted from the above
described electron-emitting devices, and
a plurality of luminescent spots that form an image
include two adjacent luminescent spots which are
placed on opposite sides of the above described de-
flector at an interval smaller than the interval be-
tween any other two adjacent luminescent spots be-
tween which the deflector is not placed and at least
one of whose quantity of light is corrected such that
it will be relatively smaller than the quantity of light
of the other luminescent spots,

and
an image display apparatus comprising:

an electron source having electron-emitting devic-
es; and
an irradiated member which is disposed in opposing
relation to the electron source and forms a lumines-
cent spot at a different location on itself correspond-
ing to different electron-emitting device by irradia-
tion with electrons emitted from each of the above
described electron-emitting devices,
wherein the above described image display appa-
ratus further comprises a deflector for deflecting the
trajectories of the electrons emitted from the above
described electron-emitting devices, and
a plurality of luminescent spots that form an image
include two adjacent luminescent spots which are
placed on opposite sides of the above described de-
flector at an interval larger than the interval between
any other two adjacent luminescent spots between
which the deflector is not placed and at least one of
whose quantity of light is corrected such that it will
be relatively larger than the quantity of light of the
other luminescent spots.

[0026] Incidentally, the above described deflector in
the image display apparatus described above may be a
spacer which maintains the interval between the above
described electron source and irradiated member.
[0027] Preferably, the above described plurality of
electron-emitting devices are arrayed in a matrix and
disposed at approximately equal intervals in the column
direction.
[0028] Preferably, the above described plurality of
electron-emitting devices are arrayed in a matrix and
disposed at approximately equal intervals in the row di-
rection.
[0029] Also, a drive circuit is provided to drive the
above described electron source. Preferably, it controls
arrival conditions of the electrons emitted from the
above described plurality of electron-emitting devices
arrayed in a matrix to the above described irradiated
member.
[0030] Preferably, means for adjusting the amount of
the above described light quantity correction is provid-
ed.
[0031] In a configuration in which the above described
plurality of electron-emitting devices are wired in a ma-
trix from a plurality of scan lines and a plurality of mod-
ulation lines, the above described correction can be
made by controlling the amplitude (electric potential or
current value) of a modulating signal applied to the mod-
ulation lines. To control the electric potential of the mod-
ulating signal applied to the modulation lines, a config-
uration is preferably selected in which the control is per-
formed by selecting an electric potential from a plurality
of predetermined electric potentials. In so doing, the
electric potential of the selection signal applied to the
above described scan lines is preferably controlled by
selecting an electric potential from a plurality of prede-
termined electric potentials. Besides, the electric poten-
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tial of the modulating signal applied to the modulation
lines is preferably determined based on positional infor-
mation of the electron-emitting devices to which the
modulating signal is applied. Also, the electric potential
of the modulating signal applied to the modulation lines
may be controlled by selecting a reference potential for
use in generating the electric potential of the modulating
signal.
[0032] Also, in a configuration in which the above de-
scribed plurality of electron-emitting devices are wired
in a matrix from a plurality of scan lines and a plurality
of modulation lines, the above described correction can
be made by controlling the electric potential of a selec-
tion signal applied to the scan lines. Besides, the electric
potential of the selection signal applied to the scan lines
is preferably determined by selecting a plurality of pre-
determined electric potential. Also, the electric potential
of the selection signal applied to the scan lines is pref-
erably determined based on positional information of the
scan lines to which the selection signal is applied.
[0033] Also, as means for the above described light
quantity correction, various configurations are available.
One of them involves correcting inputted image signals,
generating drive pulses based on the corrected image
signals, and driving the above described electron-emit-
ting devices by the drive pulses. If the drive pulses are
regarded to be the modulating signal for matrix driving,
this means that the electron-emitting devices are driven
by the potential difference between the electric potential
of the selection signal and electric potential of the drive
pulses.
[0034] Also, a configuration is preferably adopted in
which a memory is provided to store a plurality of trans-
fer characteristics and in which the above described cor-
rection is made through selection of a transfer charac-
teristic for converting the above described inputted im-
age signals. For example, a transfer characteristic de-
signed to convert gamma characteristics of input signals
may be used.
[0035] Incidentally, the above described positional in-
formation can be obtained by counting a count signal. If
a deflector is provided and the interval between adjacent
luminescent spots is correlated with their distance from
the deflector, the necessity or amount of correction can
be determined based on information about relative po-
sition to the deflector.
[0036] In the present invention, for luminescent spots
formed in the vicinity of the spacer and other lumines-
cent spots formed far from the spacer according to data
signals which require the same quantity of light, the
quantity of light for at least one of the luminescent spots
is adjusted so that the luminescent spots in the vicinity
of the spacer become different in quantity of light from
said other luminescent spots. The present invention pro-
vides image display apparatus for displaying an image
in which the visual unevenness in luminance is reduced
by the above adjustment.
[0037] Also, the present invention includes the follow-

ing image display apparatus.
[0038] An image display apparatus for forming an im-
age with a plurality of luminescent spots, wherein:

intervals between adjacent luminescent spots in a
given direction are nonuniform, the quantity of light
of at least one luminescent spot is corrected, and
the light quantity correction of the luminescent spot
reduces unevenness in luminance,

and
an image display apparatus for forming an image

with a plurality of luminescent spots, wherein:

the amounts and/or directions of displacement of lu-
minescent spots from respective reference posi-
tions defined at regular intervals in a given direction
are nonuniform and the quantity of light of some lu-
minescent spots which form an image are corrected
according to the amounts and/or directions of the
displacement,

and
an image display apparatus for forming an image

with a plurality of luminescent spots, wherein:

the amounts and/or directions of displacement of lu-
minescent spots from respective reference posi-
tions defined at regular intervals in a given direction
are nonuniform, the quantity of light of at least one
luminescent spot is corrected, and the light quantity
correction of the luminescent spot reduces uneven-
ness in luminance.

[0039] Incidentally, features of the different image dis-
play apparatus described above may be used in combi-
nation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040]

FIG. 1 is a schematic perspective view of an image
display apparatus according to an embodiment of
the present invention;
FIG. 2 is a plan view showing part of the lumines-
cent spot array shown in FIG. 1;
FIG. 3 is a schematic perspective view of an image
display apparatus according to a first example of the
present invention;
FIG. 4 is a partial plan view of an electron source
for an image display apparatus;
FIG. 5 is a diagram showing arrangement of elec-
tron-emitting regions and luminescent spots in re-
lation to each other according to the first example
of the present invention;
FIG. 6 is a block diagram of the image display ap-
paratus, including a drive circuit, according to the

7 8



EP 1 258 907 A2

6

5

10

15

20

25

30

35

40

45

50

55

first example of the present invention;
FIG. 7 is a diagram showing arrangement of elec-
tron-emitting regions and luminescent spots in re-
lation to each other according to a second example
of the present invention;
FIG. 8 is a schematic perspective view of an image
display apparatus according to a third example of
the present invention;
FIG. 9 is a schematic perspective view of a spacer
installed in the image display apparatus according
to the first example of the present invention;
FIG. 10 is a block diagram of an image display ap-
paratus, including a drive circuit, according to a
fourth example of the present invention;
FIGS. 11A, 11B, and 11C are diagrams showing re-
lationships between locations of spacers illustrated
by the fourth example of the present invention and
regions which are subject to light quantity control;
FIGS. 12A, 12B, 12C and 12D are diagrams show-
ing configuration examples of a control circuit illus-
trated by the fourth example of the present inven-
tion;
FIG. 13 is a diagram showing a configuration exam-
ple of a lookup table used by the fourth example of
the present invention;
FIG. 14 is a block diagram of an image display ap-
paratus, including a drive circuit, according to a fifth
example of the present invention;
FIG. 15 is a block diagram of an image display ap-
paratus, including a drive circuit, according to a
sixth example of the present invention;
FIG. 16 is a block diagram of an image display ap-
paratus, including a drive circuit, according to a sev-
enth example of the present invention;
FIG. 17 is a block diagram of an image display ap-
paratus, including a drive circuit, according to a
eighth example of the present invention; and
FIG. 18 is a diagram showing transfer characteris-
tics of a conversion circuit used by the eighth exam-
ple of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0041] A preferred embodiment of the present inven-
tion will be illustrated in detail below with reference to
the drawings. However, the dimensions, materials,
shapes, relative arrangements of the components cited
in relation to the embodiment are not intended to limit
the scope of the present invention unless otherwise stat-
ed.
[0042] An image display apparatus and its drive meth-
od according to the embodiment of the present invention
will be described with reference to FIGS. 1 and 2. FIG.
1 is a schematic perspective view of the image display
apparatus according to the embodiment of the present
invention and FIG. 2 is a plan view showing part of the
luminescent spot array shown in FIG. 1.

[0043] As shown in FIG. 1, the image display appara-
tus 1 according to the embodiment of the present inven-
tion comprises an electron source 2 consisting of an ar-
ray of electron-emitting devices, and an irradiated mem-
ber 3 disposed in opposing relation to the electron
source 2.
[0044] The irradiated member 3 forms luminescent
spots through bombardment of electrons emitted from
the electron source 2. The luminescent spots are formed
at different locations corresponding to different electron-
emitting devices. Therefore, by controlling the electron-
emitting devices with a drive circuit (not shown) accord-
ing to desired image information, it is possible to form
luminescent spots at locations corresponding to the im-
age information, and thus form an image.
[0045] The electrons emitted from the electron-emit-
ting devices form trajectories according to an electric
field formed in the apparatus. Here, the electric field is
formed in the apparatus uniformly, and thus the array of
luminescent spots formed on the irradiated member 3
matches the array of the electron-emitting devices when
electrons are emitted from all the electron-emitting de-
vices.
[0046] Suppose, for example, the electron-emitting
devices (their electron-emitting regions) are arranged in
a matrix in region S of the electron source 2 as shown
in FIG. 1, then the resulting luminescent spots will form
a similar matrix in corresponding region T of the irradi-
ated member 3.
[0047] In other words, if region S contains a 3-row by
6-column matrix evenly space in both row and column
directions as shown in FIG. 1, ideally the luminescent
spots in region T of the irradiated member 3 are also
arranged in an evenly spaced 3-row by 6-column matrix.
Incidentally, although the 3 by 6 luminescent spots are
shown here in a single drawing, they need not illuminate
simultaneously. They may illuminate in sequence.
[0048] In the example of FIG. 1, the electrons emitted
from electron-emitting region xnym forms luminescent
spot XnYm (n = 1 to 6; m = 1 to 3).
[0049] However, if there is a deflector 4 which deflects
electron trajectories, the arrangement of luminescent
spots will be disturbed. In short, there will be errors in
the positions of the luminescent spots.
[0050] Specifically, as shown in FIGS. 1 and 2, in the
presence of the deflector 4, emitted electrons are de-
flected under its influence. Although it is considered that
actually the electrons emitted from all the electron-emit-
ting devices are affected, the influence can be ignored
at certain distances. In the example shown in the fig-
ures, it is assumed that only luminescent spots X3Y1,
X3Y2, X3Y3, X4Y1, X4Y2, and X4Y3 close to the de-
flector 4 are affected: the luminescent spots will be
formed at the locations indicated by solid lines as a re-
sult of deflection whereas they would be formed at the
locations (reference positions) indicated by dotted lines
(FIG. 2) in the absence of the deflector 4. Thus, the dis-
tance between the dotted line and solid lines represents
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interval error. In this example, the amounts of displace-
ment of the luminescent spots other than X3Y1, X3Y2,
X3Y3, X4Y1, X4Y2, and X4Y3 from their respective ref-
erence positions are zero while the amounts of displace-
ment of luminescent spots X3Y1, X3Y2, X3Y3, X4Y1,
X4Y2, and X4Y3 from their respective reference posi-
tions (the location indicated by dotted lines) are not zero.
Since any two adjacent luminescent spots that are
placed on opposite sides of the deflector are both dis-
placed towards the deflector away from their respective
reference positions, i.e., they are displaced towards
each other, the interval between them is particularly
small compared to the interval between any other two
adjacent luminescent spots oriented approximately in
the same direction as the former two luminescent spots,
but placed on one side of the deflector.
[0051] The reference positions here can be defined
as the positions occupied periodically by spots at a ref-
erence interval, which in turn can be defined as the in-
terval between luminescent spots which are arranged
at approximately equal intervals. Incidentally, a refer-
ence interval can be defined in each of given directions.
Thus, reference intervals in the row and column direc-
tions of the matrix do not need to be the same.
[0052] Incidentally, although the luminescent spots
are deflected towards the deflector 4 in the example of
FIG. 2, deflection may occur in a direction away from
the deflector 4.
[0053] It has been confirmed that such uneven ar-
rangement of luminescent spots causes unevenness in
the resulting image as well.
[0054] Thus, the embodiment of the present invention
is configured to eliminate unevenness in images by
making apparent distribution of brightness (subjective
distribution of brightness) uniform through correction of
quantity of light while leaving unevenness in the ar-
rangement of luminescent spots (unevenness in the in-
terval between luminescent spots, and/or unevenness
in the amount and/or direction of displacement of lumi-
nescent spots) as it is.
[0055] More specifically, the apparent distribution of
brightness is made uniform by correcting the quantity of
light according to the intervals between adjacent lumi-
nescent spots in groups of luminescent spots.
[0056] Regarding light quantity correction, if the inter-
val between a luminescent spot (first luminescent spot)
and an adjacent luminescent spot (second luminescent
spot) is smaller than the intervals between other lumi-
nescent spots, so that the region of smaller intervals vis-
ually looks light, the quantity of light of at least one of
the two, first and second luminescent spots, is corrected
so that it will be relatively smaller than the quantity of
light of the other luminescent spots.
[0057] If the interval between a luminescent spot (first
luminescent spot) and an adjacent luminescent spot
(second luminescent spot) is larger than the intervals
between other luminescent spots, so that the region of
larger intervals visually looks dark, the quantity of light

of at least one of the two, first and second luminescent
spots, is corrected so that it will be relatively larger than
the quantity of light of the other luminescent spots.
[0058] Regarding the groups of luminescent spots, a
group in which luminescent spots are arranged in the
row or column direction can be selected. Then, the in-
tervals between adjacent luminescent spots can be
measured.
[0059] In the example of FIG. 2, take, for example, a
luminescent spot group consisting of six luminescent
spots X1Y1, X2Y1, X3Y1, X4Y1, X5Y1, and X6Y1 ar-
ranged almost linearly in the row direction.
[0060] The interval between luminescent spot X3Y1
and luminescent spot X4Y1 is smaller than the interval
between any other two adjacent luminescent spots, as
described above. Then, by correcting the quantity of
light of at least luminescent spot X3Y1 or luminescent
spot X4Y1 so that it will be relatively smaller, it is possi-
ble to make the distribution of brightness uniform in ap-
pearance.
[0061] By correcting the quantity of light of a lumines-
cent spot (corrected luminescent spot) so that it will be
relatively smaller or correcting the quantity of light of a
luminescent spot so that it will be relatively larger, we
mean making corrections so that the quantity of light of
the corrected luminescent spot will be smaller or larger
than that of uncorrected luminescent spots or lumines-
cent spots corrected to a lesser degree when an exter-
nal signal is given requesting the same quantity of light
to the corrected luminescent spot and the uncorrected
luminescent spots or luminescent spots corrected to a
lesser degree.
[0062] Incidentally, a group of luminescent spots may
be selected in any location on the irradiated member 3,
but there is no need to correct the quantity of light of
luminescent spots if difference in the interval between
luminescent spots does not present a particular prob-
lem. The correction is not necessarily conducted for all
the regions where visual unevenness in luminance due
to unevenness for intervals between luminescent spots
are recognized. The correction may be conducted only
for desired regions. Thus, the embodiment of the
present invention applies to at least a group of lumines-
cent spots at one location from among a plurality of lu-
minescent spots.
[0063] Also, in the case where the deflector 4 extends
in a given direction (direction parallel to the column di-
rection in FIG. 2) and the electron-emitting devices ar-
ranged in the given direction are equidistant from the
deflector as shown in FIG. 2, it is considered that lumi-
nescent spots X3Y1, X3Y2, and X3Y3 will be deflected
by the same amount as luminescent spots X4Y1, X4Y2,
and X4Y3, and thus the quantity of light can be corrected
evenly for all the electron-emitting devices arranged in
the given direction.
[0064] Thus, in the configuration shown in FIG. 2, by
measuring the integrated value or average value of light
quantities and dispersion of peak values for each col-
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umn, a correction can be made to each column using
an amount of correction according to the interval error
of the given column. Incidentally, although it is assumed
in this example that luminescent spots are located on a
straight line, there is no need for the luminescent spots
to be located exactly on a straight line. Even if they are
displaced from a straight line, the present invention can
be applied if the intervals between luminescent spots
are nonuniform or displacement of luminescent spots
form their respective reference positions on a virtual
straight line is nonuniform when the luminescent spots
are projected on the virtual straight line.
[0065] Regarding the electron-emitting device de-
scribed above, a device which emits electrons when
voltage is applied is preferable. The voltage here is giv-
en as a potential difference between two different elec-
tric potentials. Specifically, the two electric potentials are
provided through two wires. It is especially preferable
that the two wires be formed on a single substrate, but
they may be formed on different substrates.
[0066] Also, there are various known electron-emit-
ting devices.
[0067] For example, there are surface conduction
electron-emitting devices, field emission electron-emit-
ting devices, MIM type electron-emitting devices, etc. In-
cidentally, the electron-emitting devices here are not
limited to those with a single electron-emitting region.
For example, it is known that one electron-emitting de-
vice has two or more cone-shaped emitter electrodes
as in the case of a so-called Spint-type field emission
electron-emitting device with a gate electrode and cone-
shaped emitter electrodes.
[0068] Also the luminescent spot which corresponds
to one electron-emitting device described above means
the luminescent spot formed by bombardment of the
electrons emitted from a single electron-emitting device
and has a particular shape.
[0069] The shape is determined here as follows.
[0070] Namely, electrons are emitted from the elec-
tron-emitting device in question. It must be ensured that
other electron-emitting devices will not emit electrons or
cause so many electrons as to produce visible light to
reach the irradiated member.
[0071] The drive conditions used when prescribing
the luminescent spot formed by the electrons from the
electron-emitting device in question should be the
standard drive conditions used when forming images by
the image display apparatus.
[0072] Regarding modulation conditions in the stand-
ard drive conditions, if modulation for image formation
is carried out by simply turning on and off the electron-
emitting device (including pulse width modulation), the
condition which turns on the electron-emitting device
should be used, and if three- or higher-value peak-to-
peak modulation is involved, the condition required to
obtain the middle gradation between the lowest grada-
tion (0 gradation) and highest gradation should be used.
[0073] In a configuration in which modulation is per-

formed by controlling the flight of electrons with a grid
electrode or the like which modulates the flight of elec-
trons instead of controlling the electron emission of the
electron-emitting device itself, if modulation for image
formation is performed by simply turning on and off the
electron-emitting device (including pulse width modula-
tion), the condition which turns on the electron-emitting
device should be used, and if three- or higher-value
peak-to-peak modulation is involved, the condition re-
quired to obtain the middle gradation between the low-
est gradation (0 gradation) and highest gradation should
be used.
[0074] Under these conditions, an area which con-
tains a portion glowing under bombardment by the elec-
trons from the electron-emitting device in question
should be photographed by a CCD camera under mag-
nification. From the resulting data, data obtained under
the same conditions except that electron-emitting de-
vice is off should be subtracted as the background. The
shape thus obtained should be the shape of the lumi-
nescent spot.
[0075] During actual image display, the luminescent
spots formed by individual devices may overlap, but
even in that case, the shape of the luminescent spot pro-
duced by each device can be determined by the above
method. Besides, structures such as black stripes or a
black matrix may be placed near the member irradiated
by the electron-emitting device, resulting in a chipped
luminescent spot. Even in that case, the shape deter-
mined by the above method should be used as the
shape of the luminescent spot. If luminescent spots are
chipped by a black member (black stripe or black ma-
trix), visual unevenness in luminance due to displace-
ment of the luminescent spots and incidental uneven-
ness in luminance due to the chipped luminescent spots
present problems. The present invention is especially
suitable for use in such situations.
[0076] Also, the above-mentioned quantity of light of
a luminescent spot, which is measured with a CCD cam-
era, can be determined by integrating the luminance in
the shape determined under the above conditions with
respect to area and then further integrating the result
with respect to a period given to the electron-emitting
device which forms the luminescent spot to emit elec-
trons while a single image is formed. (This period is
equivalent to a so-called scan period in typical image
formation. It many be one line selection period in the
case of line-sequential scanning in which electron-emit-
ting devices arranged in a matrix are selected line by
line and the electron-emitting devices on a selected line
are driven simultaneously.)
[0077] The quantity of light can be controlled by con-
trolling the amount of electrons which reach the irradi-
ated member in a unit time or by controlling the length
of time during which electrons are traveling to the irra-
diated member in the above described period.
[0078] Specifically, it can be controlled, for example,
by controlling the amount of electron emissions from the
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electron-emitting device in a unit time and the electron
emission time during the above described period or by
controlling the amount of electrons passing through a
grid electrode in a unit time and the passage time of
electrons during the above described period.
[0079] Thus, the quantity of light of luminescent spot
can be controlled by controlling the arrival conditions of
electrons from the electron-emitting device for the given
luminescent spot to the irradiated member (e.g., the
drive conditions of the electron-emitting device or elec-
tron passage conditions of the grid electrode).
[0080] Incidentally, the above described arrival condi-
tions may be corrected by correcting the amount of elec-
trons arriving (emitted or passing) in a unit time: specif-
ically, by correcting the voltage (or current) applied to
the electron-emitting device or grid electrode, by cor-
recting the electron travel (emission or passage) time,
or by correcting the duration of application (pulse width)
of the voltage applied to the electron-emitting device to
make it emit electrons or the electric potential applied to
the grid electrode to make it pass electrons.
[0081] Also, the interval between luminescent spots
described above can be determined by prescribing the
shapes of the luminescent spots, determining the center
of gravity of each luminescent spot shape (assuming
that the shape of a luminescent spot has a uniform mass
distribution), and taking the interval between the centers
of gravity as the interval between the luminescent spots.
Thus, the position of a luminescent spot is the position
of the center of gravity.
[0082] The present inventors found that the interval
between luminescent spots is correlated with visual
brightness, looked for a method of reducing visual dif-
ference in brightness without making the intervals be-
tween luminescent spots uniform, and finally made the
invention characterized by making corrections accord-
ing to the interval between luminescent spots. Further-
more, as a result of active studies conducted to imple-
ment the present invention suitably, the present inven-
tors made the following findings. The studies were con-
ducted using six adjacent luminescent spots.
[0083] The six luminescent spots were denoted as a
first luminescent spot, second luminescent spot, third lu-
minescent spot, fourth luminescent spot, fifth lumines-
cent spot, and sixth luminescent spot starting from one
end. On the other hand, electron-emitting devices which
emitted electrons to form the luminescent spots were
denoted as a first electron-emitting device, second elec-
tron-emitting device, third electron-emitting device,
fourth electron-emitting device, fifth electron-emitting
device, and sixth electron-emitting device, respectively.
The first to sixth electron-emitting devices were ar-
ranged in sequence at equal intervals.
[0084] When the interval between the third and fourth
luminescent spots was the smallest of the intervals be-
tween adjacent luminescent spots, i.e., the intervals be-
tween the first and second luminescent spots, between
the second and third luminescent spots, between the

third and fourth luminescent spots, between the fourth
and fifth luminescent spots, and between the fifth and
sixth luminescent spots, and the six luminescent spots
were formed such that they would produce the same
quantity of light, the third and fourth luminescent spots
which had the smallest interval appeared brighter when
viewed visually.
[0085] When corrections were made to decrease the
quantities of light of the third and fourth luminescent
spots, the visual difference in brightness was alleviated
even though the intervals were not uniform. When cor-
rections were made to decrease the light quantity of only
the third or fourth luminescent spot, again the visual dif-
ference in brightness was reduced.
[0086] On the other hand, when the interval between
the third and fourth luminescent spots was the largest
of the intervals between adjacent luminescent spots, i.
e., the intervals between the first and second lumines-
cent spots, between the second and third luminescent
spots, between the third and fourth luminescent spots,
between the fourth and fifth luminescent spots, and be-
tween the fifth and sixth luminescent spots, and the six
luminescent spots were formed such that they would
produce the same quantity of light, the third and fourth
luminescent spots which had the largest interval ap-
peared dimmer when viewed visually.
[0087] When corrections were made to increase the
quantities of light of the third and fourth luminescent
spots, the visual difference in brightness was alleviated
even though the intervals were not uniform. When cor-
rections were made to increase the light quantity of only
the third or fourth luminescent spot, again the visual dif-
ference in brightness was reduced.
[0088] When using an irradiated member which glows
in two or more luminescent colors, it is preferable to de-
cide the luminescent spots needing correction and de-
termine the amounts of correction, taking into consider-
ation, at a time, only the luminescent spots which glow
in the same color, as a group of luminescent spots to be
evaluated. This means evaluating visual unevenness in
luminance, deciding the luminescent spots needing cor-
rection, and determining the amounts of correction, for
each color separately.
[0089] When using phosphors which, for example,
glow in red, green, and blue (R, G, B), respectively, the
embodiment of the present invention is particularly suit-
able for a configuration in which phosphors which glow
in red, green, and blue (or red, blue, and green), respec-
tively, are arranged in sequence in the above described
column direction and phosphors which glow in the same
color are arranged in the row direction, if the group of
luminescent spots to be evaluated are the luminescent
spots formed by the phosphors which are arranged in
the row direction and glow in the same color. However,
visual unevenness in luminance may be evaluated with-
out classifying the luminescent spots by color. In that
case, luminance differences among colors should be
compensated for before evaluating the visual uneven-
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ness in luminance.
[0090] For the deflector 4 described above, there are
various candidates, among which a spacer for maintain-
ing an interval between the electron source 2 and irra-
diated member 3 is a major candidate, especially con-
sidering pressure resistance under atmospheric pres-
sure.
[0091] If a spacer is used, for example, as the deflec-
tor 4, it will deflect electron trajectories when charged.
[0092] If structural members such as spacers are in-
stalled in such a way that all the electrons emitted from
all the electron-emitting devices will be affected in the
same manner, the effects of different influences on im-
ages can be eliminated. Actually, however, it is often dif-
ficult to place structural members such as spacers in
such a way that the electrons emitted from all the elec-
tron-emitting devices will be affected in the same man-
ner.
[0093] In that case, it cannot be helped but to place
structural members such as spacers in such a way that
they will have a greater influence on the trajectories of
the electrons emitted from some of the electron-emitting
devices.
[0094] Specifically, spacers or the like are placed be-
tween adjacent electron-emitting devices, but they are
placed only in some of the intervals between adjacent
electron-emitting devices.
[0095] In this case, spacers will have different influ-
ences on the trajectories of the electrons emitted from
different electron-emitting devices depending on their
closeness to the electron-emitting devices. For exam-
ple, as described later, the existence of spacers or other
structural members will change the center of gravity po-
sitions of the luminescent spots formed by the electrons
emitted from the electron-emitting devices.
[0096] Thus, different influences caused by spacers
or other structural members on the trajectories of the
electrons emitted from different electron-emitting devic-
es can cause variations in the center of gravity positions
of the luminescent spots formed by the electrons emit-
ted from the electron-emitting devices.
[0097] In contrast, the embodiment of the present in-
vention described above can reduce visual differences
in brightness without making the intervals between lu-
minescent spots uniform.
[0098] The spacer for maintaining an interval between
the electron source 2 and irradiated member 3 can have
various configurations. It does not necessarily have to
make direct contact with the electron source 2 and irra-
diated member 3 to maintain an interval between them.
For example, if another member such as a grid electrode
is provided between the electron source 2 and irradiated
member 3, the spacer may be placed between this
member and the electron source or between this mem-
ber and the irradiated member.
[0099] Also, the plurality of electron-emitting devices
described above may have various layout configura-
tions.

[0100] For example, when structural members such
as spacers are placed in only part of the intervals be-
tween adjacent electron-emitting devices as described
above, intervals which contain a structural member such
as a spacer (first intervals) need not be equal to intervals
which do not contain a structural member such as a
spacer (second intervals).
[0101] However, it is desirable that first intervals and
second intervals are approximately equal. The embod-
iment of the present invention can suitably reduce visual
differences in brightness even when the intervals be-
tween electron-emitting devices are equal, and further-
more, even when the intervals between adjacent elec-
tron-emitting devices are equal and intervals between
adjacent luminescent spots are nonuniform.
[0102] Also, as the drive circuit (not shown) described
above, it is preferable to use, for example, a circuit which
can control the arrival conditions of electrons from a plu-
rality of electron-emitting devices arranged in a matrix
to the irradiated member 3.
[0103] The term "in a matrix" here means that some-
thing is arranged in the row and column directions,
where the row direction and column direction are not
parallel to each other and, more preferably, are approx-
imately orthogonal to each other.
[0104] The arrival conditions of electrons to the irra-
diated member 3 specifically include the amount of elec-
trons reaching the irradiated member 3 or electron en-
ergy entering the irradiated member 3.
[0105] To control the arrival conditions of electrons
from the electron-emitting devices to the irradiated
member 3, matrix control can be used. This involves a
configuration in which one row is selected from among
a plurality of rows and the arrival conditions of electrons
to the irradiated member 3 is controlled from the column
direction. Methods for controlling the arrival conditions
of electrons to the irradiated member 3 include, for ex-
ample, controlling the state of electron emission itself or
controlling the flight of emitted electrons.
[0106] Specifically, one row is selected from among a
plurality of rows such that the electron-emitting devices
arranged in the selected row can be driven through con-
trol from the column direction and that the devices ar-
ranged in the other rows cannot be driven through the
above described control from the column direction.
Then, each of the electron-emitting devices can be driv-
en independently by the above described control from
the column direction.
[0107] Preferably, the drive circuit for use here will be
configured to have a first circuit for selecting the plurality
of rows in sequence and a second circuit for giving sig-
nals to the electron-emitting devices in the selected row
to control electron emission from the column direction.
[0108] More particularly, the electron-emitting devic-
es arranged in the row direction should be connected to
a row-directional wire, the electron-emitting devices ar-
ranged in the column direction should be connected to
a column-directional wire, the first circuit should be con-
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nected to the row-directional wire, and the second circuit
should be connected to the column-directional wire.
[0109] An alternative configuration involves selecting
one row from among a plurality of rows such that the
electron-emitting devices arranged in the selected row
will emit electrons while the devices arranged in the oth-
er rows will not emit electrons and controlling the arrival
conditions of electrons emitted from the electron-emit-
ting devices in the selected row to the irradiated mem-
ber, from the column direction.
[0110] Preferably, the drive circuit for use here will be
configured to have a first circuit for selecting the plurality
of rows in sequence and making the electron-emitting
devices in the selected row emit electrons and a second
circuit for giving signals from the column direction to
control the flight of the electrons emitted from the elec-
tron-emitting devices in the selected row.
[0111] More particularly, the electron-emitting devic-
es arranged in the row direction should be connected to
a set of wires which provides an electric potential serv-
ing as a voltage for electron emission, the first circuit
should be connected to this wiring, and the second cir-
cuit should be connected to an electrode which has
been installed along the above described column direc-
tion and controls the flight of electrons, for example, an
electrode which has an opening and controls the pas-
sage of electrons through this opening.
[0112] Also, when making the light quantity correction
described above, preferably, means for adjusting the
degree of correction is provided.
[0113] Such means of adjustment will allow manufac-
turers, sellers, and users to make corrections so as to
get desired conditions.
[0114] Incidentally, in the above discussion, mention
has been made of decreasing or increasing quantity of
light in relation to corrections made to the quantity of
light of luminescent spots. However, the corrections are
relative. Thus, for example, corrections made so that the
quantity of light of a luminescent spot will be smaller in-
clude decreasing the quantity of light of the given lumi-
nescent spot directly or increasing the quantity of light
of other luminescent spots, thereby decreasing the
quantity of light of the given luminescent spot in a rela-
tive sense.
[0115] Also, as described above, these corrections
work to make the quantity of light of a luminescent spot
unequal to that of other luminescent spots when an orig-
inal signal before the corrections requests the same
quantity of light from the given luminescent spot and lu-
minescent spots to be uncorrected or luminescent spots
to be corrected to a lesser degree. Such corrections can
be made, for example, by correcting the drive conditions
for forming the given luminescent spot.
[0116] In a preferred configuration, when an original
signal makes a request, for example, to drive the elec-
tron-emitting device which emits electrons for forming
the given luminescent spot at a certain gradation, this
gradation is corrected by a certain number or by a cer-

tain rate (for example, the quantity of light will be re-
duced using the gradation obtained by subtracting 1
from the gradation requested by the original signal or
the gradation obtained by subtracting 1% from the gra-
dation requested by the original signal (and then round-
ing the result)).
[0117] This correction methods allows a luminescent
spot to be corrected similarly even when an original sig-
nal before the corrections requests different luminance
from the given luminescent spot and other luminescent
spots.
[0118] Also, as the electron-emitting device described
so far, it is preferable to use a cold cathode electron-
emitting device. More preferably, the electron-emitting
device emits electrons by means of a cold cathode
which applies a voltage between a pair of electrodes.
[0119] As the electron-emitting device which emits
electrons by applying a voltage between a pair of elec-
trodes, it is preferable to use, for example, a Spint-type
field emission electron-emitting device which has a pair
of a gate electrode and cone-shaped emitter electrode,
MIM type electron-emitting device with a high resistance
layer between electrodes, or surface conduction elec-
tron-emitting device, as described earlier.
[0120] In particular, if a structural member such as a
spacer is, for example, a plate type which has the longer
dimension in the in-plane direction of the electron
source (its substrate), if the electron-emitting device
used is a type which emits electrons by applying a volt-
age between a pair of electrodes, and if electrons are
deflected in the in-plane direction of the surface on
which the electron-emitting devices are mounted, by the
voltage applied between the pair of electrodes (in the
case of a configuration which has the pair of electrodes
in the same plane; known examples include surface
conduction electron-emitting devices and horizontal EF
devices), preferably the direction of the voltage between
the pair of electrodes is not parallel to the direction nor-
mal to the longitudinal direction of a deflector, and more
preferably the direction of the voltage between the pair
of electrodes is parallel to the longitudinal direction of
the deflector.
[0121] The embodiment of the present invention is
particularly suitable for configurations in which an elec-
tron source and irradiated member are formed on sub-
strates which are parallel to each other.
[0122] Also, it is particularly suitable for an electron
source substrate and irradiated-member substrate with
a 5-inch or larger screen (the diagonal of the screen area
is 5 inches or larger).
[0123] Also, it is particularly suitable for configura-
tions in which the interval between electron source and
irradiated member is 1 cm or less.
[0124] To accelerate emitted electrons, a configura-
tion in which a 5-kV or higher voltage is applied between
electron-emitting devices and an accelerating electrode
is preferable. The accelerating electrode is installed
preferably near phosphors which glow when irradiated
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with electrons. The phosphors may double as the accel-
erating electrode.
[0125] Regarding the electron source, it preferably
comprises 240 or more electron-emitting devices each
in the row and column directions. If images are formed
using the three primary colors, it preferably comprises
240 3 240 3 3 or more electron-emitting devices.

<Examples>

[0126] Now description will be given about examples
configured more specifically based on the embodiment
described so far.
[0127] In the examples described below, 240 elec-
tron-emitting devices are arranged in the row direction
and 240 sets of electron-emitting devices for red, green,
and blue (for a total of 720 devices) are arranged in the
column direction.

(Example 1)

[0128] An image display apparatus according to a first
example of the present invention will be described with
reference to FIGS. 3 and 4. FIG. 3 is a schematic per-
spective view of the image display apparatus according
to the first example of the present invention (some parts
such as a glass substrate have been lifted for ease of
understanding) while FIG. 4 is a partial plan view of an
electron source for the image display apparatus.
[0129] According to this example, a surface conduc-
tion electron-emitting device is employed as the elec-
tron-emitting device equipped with an electron-emitting
region and installed in an electron source.
[0130] According to this example, on an electron
source substrate 10001, 720 surface conduction elec-
tron-emitting devices 1001 are arranged in the row di-
rection and connected commonly to a row-directional
wire 1003 while 240 surface conduction electron-emit-
ting devices 1001 are arranged in the column direction
and connected commonly to a column-directional wire
1002 to form matrix connections as shown in FIG. 3.
[0131] A drive circuit consists of a scan circuit (first
circuit) 1004 connected with the row-directional wires
and a modulation circuit (second circuit) 1005 connect-
ed with the column-directional wires.
[0132] Besides, on the side opposite to the electron
source substrate 10001, a glass substrate 10002, a
phosphor 10003 formed on the glass substrate 10002
and serving as an irradiated member, and a metal back
10004 are stacked one on top of another.
[0133] Spacers 1006 serving as deflectors are provid-
ed between the electron source substrate 10001 and
phosphor 10003. They are installed on some of the row-
directional wires.
[0134] The electron-emitting devices 1001 in the col-
umn direction are spaced evenly. Also, in the row direc-
tion, adjacent electron-emitting devices 1001 placed on
opposite sides of a spacer 1006 and adjacent electron-

emitting devices 1001 placed on one side of a spacer
1006 are spaced equally.
[0135] A selection signal (selection potential) of -6.5
V is applied to a selected row-directional wire (ground
potential of 0 V to non-selected row-directional wires)
and a modulating signal (pulse width modulation signal
in this case) is applied to the column-directional wires.
For the column-directional wires, +6.5 V is used as an
on-state potential and the ground potential is used as
an off-state potential.
[0136] FIG. 4 is an enlarged view in the vicinity of an
electron-emitting device 1001 on the electron source
substrate 10001.
[0137] An insulating layer 1003Z is stacked on the col-
umn-directional wire 1002, and the row-directional wire
1003 is further stacked on top of them. The column-di-
rectional wire 1002 is connected with a device electrode
1001B which forms the electron-emitting device, the
row-directional wire 1003 is connected with a device
electrode 1001A which forms the electron-emitting de-
vice, and an electron-emitting region 1001D is formed
between the device electrode 1001A and device elec-
trode 1001B.
[0138] Also, the metal back 10004 consisting of alu-
minum is installed on a surface of the phosphor 10003
described above. It is used as an accelerating electrode
to apply 6 kV according to this example.
[0139] Also, the interval between the electron source
substrate 10001 and phosphor 10003 is set at 2 mm.
[0140] Next, the spacer will be described with refer-
ence to FIG. 9. FIG. 9 is a schematic perspective view
of a spacer installed in the image display apparatus ac-
cording to the first example of the present invention.
[0141] The spacer 1006 is electrically connected to
the row-directional wire 1003 and metal back 10004. Its
surfaces are covered with electroconductive chromic
oxide films 7002. Platinum electrodes 7003 have been
formed over the part where the spacer 1006 contacts
the row-directional wire or metal back 10004.
[0142] The electroconductive films 7002 have been
sputtered over the base metal 7001 of the spacer.
The platinum electrodes 7003 which contact the row-
directional wire 1003 and metal back 10004 have also
been sputtered.
[0143] The platinum electrodes 7003 have been
formed so as not only to cover the edges which contacts
the row-directional wire 1003 or metal back 10004, but
also to bend around spacer flanks (the sides facing elec-
tron trajectories) which are exposed to a vacuum atmos-
phere.
[0144] With the image display apparatus, when uni-
form standard drive conditions were given to all the elec-
tron-emitting devices in sequence so that the entire sur-
face would glow, the locations of the spacers appeared
brighter (hereinafter referred to as linear unevenness in
luminance).
[0145] Then, the center of gravity positions of six lu-
minescent spots in an area which contained a spacer
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1006 were observed by the method described earlier.
The results are shown in FIG. 5.
[0146] FIG. 5 schematically shows arrangement of
the respective electron-emitting regions 1001D of the
six electron-emitting devices d1 to d6. The intervals
P12, P23, P34, P45, and P56 are equal.
[0147] On the other hand, reference characters S1 to
S6 indicate relative center of gravity positions of the lu-
minescent spots formed by the respective electron-
emitting devices.
[0148] According to this example, intervals PS12,
PS23, PS34, PS45, and PS56 between adjacent lumi-
nescent spots are not equal. In particular, PS34 is much
smaller than other intervals.
[0149] Thus, in this example, a correction was made
to a drive condition of the electron-emitting devices
which emit electrons for forming luminescent spots S3
and S4. Specifically, the length of the pulse width mod-
ulation signal applied to the electron-emitting devices to
emit electrons was cut by 40%.
[0150] As a result of this correction, a bright line
(brighter portion) near the spacer became inconspicu-
ous.
[0151] Now, a drive circuit for making corrections to
quantity of light will be described with reference to FIG.
6. FIG. 6 is a block diagram of the image display appa-
ratus, including the drive circuit, according to the first
example of the present invention.
[0152] In FIG. 6, reference numeral 101 denotes an
image display panel employing surface conduction elec-
tron-emitting devices. The panel is connected to exter-
nal electric circuits via terminals Dx1 to Dxm connected
to row-directional wires 1003 and via Dy1 to Dyn con-
nected to column-directional wires 1002.
[0153] Also, a high voltage terminal Da on the image
display panel 101 is connected to an external high volt-
age power supply Va so that an electric potential for ac-
celerating emitted electrons will be applied to it. A scan
signal is applied to the terminals Dx1 to Dxm to drive,
row by row, the surface conduction electron-emitting de-
vices matrix-wired on a multi-electron-beam source
mounted in the panel.
[0154] On the other hand, a modulating signal is ap-
plied to the terminals Dy1 to Dyn to control electron
beams output from the surface conduction electron-
emitting devices in the row selected by the scan signal
described above.
[0155] Next, the scan circuit 1004 will be described.
[0156] The scan circuit 1004 contains 240 switching
elements corresponding to the row wires. Each of the
switching elements selects either a selection voltage Vs
or non-selection voltage Vns to switch electrical connec-
tion to respective terminals Dx1 to Dx240 of the display
panel 101.
[0157] The selection potential Vs and non-selection
potential Vns are provided by an external power supply.
Each switching element operates based on a scan start
signal and scan clock outputted by a timing signal gen-

erator circuit 104, but actually these functions can be
implemented easily by combining switching elements
such as FETs.
[0158] Next, a flow of an image signal will be de-
scribed. A decoder 103 separates an incoming compos-
ite image signal into a luminance signal of the three pri-
mary colors (RGB) and horizontal and vertical synchro-
nizing signals (HSYNC and VSYNC).
The timing signal generator circuit 104 generates vari-
ous timing signals, including a sampling clock, scan start
signal, scan clock, and pulse width clock, in sync with
the HSYNC and VSYNC signals. The RGB luminance
signal is sampled and retained in an S/H circuit 105 by
the sampling clock generated by the timing signal gen-
erator 104.
[0159] The retained signal undergoes inverse gamma
conversion in an inverse gamma conversion circuit 200.
This example uses pulse width modulation, and grada-
tion characteristics are substantially linear. Incoming TV
signals have been corrected for gradation characteris-
tics of the CRT, and thus this example uses inverse gam-
ma conversion to recover the original signal from the
gamma-corrected signal.
[0160] In the figure, reference numeral 201 denotes
a counter. Upon receiving various timing signals gener-
ated by the timing signal generator 104, this counter
generates a signal indicating the row to be driven and
gives it to LUT 202. LUT 202 is a memory which consti-
tutes a correction circuit for performing the light quantity
correction described above.
[0161] LUT 202 stores the correction values de-
scribed above (the gradation value is reduced by 40%
when driving the electron-emitting devices nearest to
the spacer) and outputs the correction value for the row
indicated by the counter 201 to a multiplier 203, which
then multiplies the image signal by the correction value
and outputs the corrected image signal. This example
corrects the linear unevenness in luminance by chang-
ing the image signal.
[0162] The corrected signal is converted by a serial/
parallel (S/P) conversion circuit 106 into parallel signals
arranged in the order which corresponds to the arrange-
ment of phosphors on an image-forming panel.
[0163] Then, a pulse width modulation circuit 107
generates pulses with pulse width corresponding to im-
age signal strength. A voltage drive circuit 1008 outputs
a predetermined electric potential (+6.5 V) for the dura-
tion of the pulse width. The electron-emitting devices of
the display panel are simple-matrix driven by a signal
outputted by the scan circuit 1004 described above and
a signal from the voltage drive circuit 1008.
[0164] Although this example employs a method
which involves multiplying the image signal by a correc-
tion value, this is not restrictive. Another correction
method such as inverse gamma conversion described
in relation to this example may be used in conjunction.
In that case, it is preferable to use a common correction
circuit for the other correction and the luminance correc-
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tion in accordance with intervals between luminescent
spots which is directly relevant to the present invention.
If inverse gamma conversion is used in conjunction, for
example, an inverse gamma conversion table should
contain data for the correction in accordance with inter-
vals between luminescent spots.
[0165] Instead of a method which changes image sig-
nals, any other method may be used as long as it pro-
vides luminance in accordance with correction values.
[0166] The above correction alleviated visual differ-
ences in visual luminance and made the bright line near
the spacer inconspicuous.

(Example 2)

[0167] This example is the same as the first example
except that the spacer has a different configuration.
[0168] In the first example, the platinum electrodes
over that edge of the spacer which contacts the row-
directional wire and that edge of the spacer which con-
tacts the metal back bend around the flanks, as de-
scribed above.
[0169] In contrast, according to this example, the plat-
inum electrode over the edge in contact with the row-
directional wire and the platinum electrode over the
edge in contact with the metal back have no round to
cover the flanks.
[0170] With this configuration, an image was formed
under the standard conditions. The location of the spac-
er appeared dark when viewed visually. Incidentally,
since the spacer also extended in the row direction ac-
cording to this example, a dark line was observed along
it.
[0171] Then, the center of gravity positions of six lu-
minescent spots in an area which contained the spacer
1006 were observed by the method described earlier.
The results are shown in FIG. 7.
[0172] FIG. 7 schematically shows arrangement of
the respective electron-emitting regions 1001D of the
six electron-emitting devices d1 to d6. The intervals
P12, P23, P34, P45, and P56 are equal.
[0173] On the other hand, reference characters S1 to
S6 indicate relative center of gravity positions of the lu-
minescent spots formed by the respective electron-
emitting devices.
[0174] According to this example, intervals PS12,
PS23, PS34, PS45, and PS56 between adjacent lumi-
nescent spots are not equal. In particular, PS34 is much
larger than other intervals.
[0175] Thus, in this example, a correction was made
to a drive condition of the electron-emitting devices
which emit electrons for forming luminescent spots S3
and S4. Specifically, the length of the pulse width mod-
ulation signal applied to the electron-emitting devices to
emit electrons was increased by 40% in a relative sense
by decreasing the length of the pulse width modulation
signal applied to the other electron-emitting devices at
a designated rate.

[0176] As a result of this correction, a dark line (darker
portion) near the spacer became inconspicuous.

(Example 3)

[0177] The methods described in the first and second
examples have many variations. For example, the
present inventions can be applied suitably even to con-
figurations in which columnar spacers are installed per-
pendicularly to the electron source substrate and phos-
phor. The configuration is shown in FIG. 8. FIG. 8 is a
schematic perspective view of an image display appa-
ratus according to a third example of the present inven-
tion.
[0178] The configuration in FIG. 8 uses columnar
spacers 6001 instead of the spacers 1006 in FIG. 3.
[0179] In this configuration, the effect of the spacer
differs again between the trajectories of the electrons
emitted from the electron-emitting devices nearest to
the spacer 6001 and the trajectories of the electrons
emitted from the other electron-emitting devices. This
configuration can also reduce unevenness in luminance
using the method described in the first or second exam-
ple.
[0180] However, whereas the same correction value
can be used for all the electron-emitting devices con-
nected to the same row wire in the first and second ex-
amples, each of the electron-emitting devices connect-
ed to the same row wire has a different distance from
the nearest spacer according to the third example.
[0181] Thus, concerning each of the electron-emitting
devices connected to the same row wire, it is necessary
to determine whether and to what extent correction is
necessary and store this information in LUT 202, which
is a correction value memory.
[0182] The present invention has been described
above, citing examples, but concrete circuit configura-
tion for implementing the present invention is not limited
to the one shown in FIG. 6.
[0183] The following layout configurations can be
used in combination with each of the examples de-
scribed above. In view of the effect of spacers on elec-
tron trajectories, a circuit configuration suitable for a
spacer layout can be selected.
[0184] Concrete description will be provided below.

(Example 4)

[0185] FIG. 10 shows a configuration, including a con-
trol circuit, according to this example. The components
with equivalent functions as those in FIG. 6 are denoted
by the same reference numerals as those in FIG. 6.
[0186] In the configuration of FIG. 6, in which pulse
width modulation is carried out to realize gradation dis-
play, the light quantity correction according to the
present invention is performed through correction of the
signal which determines pulse width. In the fourth ex-
ample, gradation display is realized by means of pulse
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width modulation and the quantity of light is corrected
through adjustment of crest values (pulse heights) of the
pulse width modulation signal.
[0187] In this configuration, the pulse width modula-
tion circuit 107 generates pulse width modulation sig-
nals not corrected for visual unevenness in luminance
according to intervals between luminescent spots.
[0188] The voltage drive circuit 1008 according to this
example contains a shift register and retains the drive
conditions for the column-directional wires of all the col-
umns by sequentially shifting the drive condition for
each column-directional wire, which is received from a
control circuit 10010, by a sampling clock outputted from
the timing signal generator 104. It selects a drive poten-
tial from among Vda to Vdc according to the drive con-
dition retained for each column. Vda is selected for con-
dition a, Vdb is selected for condition b, and Vdc is se-
lected for condition c. Then, it applies the selected drive
potential to the surface conduction electron-emitting de-
vices via the terminals Dy1 to Dy720 in the display panel
101 for the duration of the pulse outputted from the pulse
width modulation circuit 107 according to a pulse width
clock outputted from the timing signal generator 104.
[0189] The control circuit 10010 receives various
clock signals generated by the timing signal generator
104, generates drive conditions for the devices to be
driven, and gives them to the voltage drive circuit 1008.
FIGS. 11A to 11C are plan views showing spacer layouts
in the display panel according to this example: the de-
vices nearest to the spacer are represented by region
a, the second nearest devices by region b, and other
devices by region c. In FIG. 11A, the spacers 1006 are
arranged continuously along row-directional wires. Inci-
dentally, although three lines of spacers are shown in
the figure for simplicity of illustration, an appropriate
number of spacers are provided actually to make the
image display apparatus resistant to atmospheric pres-
sure.
[0190] Configuration examples of the control circuit
10010 are shown in FIGS. 12A to 12D. The configura-
tion in FIG. 12A is suitable for a situation in which spac-
ers are arranged continuously along row-directional
wires, as in the case of FIG. 11A.
[0191] In the figure, reference numeral 1201 denotes
a counter, which counts HSYNC generated by the timing
signal generator 104 and thereby generates the row
number of the devices to be driven. Reference numeral
1202 denotes a lookup table (LUT), which receives, as
input, the row number outputted by the counter 1201
and outputs a signal representing a region. Exemplary
contents of LUT 1202 is shown in FIG. 13, in which spac-
ers are arranged in every 24 rows and the first spacer
is placed between the 11th and 12th rows. The region a
nearest to the spacer corresponds to the 11th and 12th
rows, for which 2 is output representing drive condition
a. The second nearest region b corresponds to the 10th
and 13th rows, for which 1 is output representing drive
condition b. The other region c corresponds to the 0th

to 9th and 14th to 23rd rows, for which 0 is output rep-
resenting drive condition c. The drive condition signals
are output from the control circuit 10010 and given to
the voltage drive circuit 1008.
[0192] Reference numeral 1203 denotes a compara-
tor, which compares the output of the counter 1201 with
the number of rows that represents the intervals be-
tween spacers (23 in this example) and that is retained
by a register 1204, and resets the counter 1201 if they
match. The comparator output is ORed with the vertical
synchronizing signal VSYNC before it is input in a coun-
ter reset terminal. Incidentally, the register 1204 used
here may be replaced by a memory, switches, or the like.
[0193] In particular, if spacers serving as deflectors
are placed at intervals of rows equal to the nth power of
2, the configuration shown in FIG. 12B can be used. If
the counter 1201 is an n-bit counter, it can be reset with-
out a comparator. It can be reset only by a VSYNC input
to perform desired operations.
[0194] If spacers are not placed at regular intervals of
rows, the configuration in FIG. 12C is suitable. The
counter 1201 has enough bits for the number (m) of row-
directional wires and counts HSYNC beginning at
VSYNC. LUT 1205 has enough space for the number
(m) of row-directional wires and receives, as input, the
row number outputted by the counter 1201 and outputs
a signal representing a drive condition.
[0195] In the example of FIG. 11B, spacers are ar-
ranged in a staggered manner and are not uniform in
the row direction. A configuration of the control circuit
10010 suitable for this arrangement is shown in FIG.
12D. Reference numeral 1206 denotes an address gen-
erator circuit, which generates address signals for LUT
1207 based on VSYNC, HSYNC, and a sampling clock
generated by the timing signal generator 104. LUT 1207
has enough space for the number (n 3 m) of surface
conduction electron-emitting devices of the display pan-
el 101. It stores data which represents drive conditions
a to c for the devices based on intervals between lumi-
nescent spots. It is accessed by address signals output
by the address generator circuit 1206 and generates a
drive condition signal for each device.
[0196] Although regions are classified into a to c in
the above example, the number of regions is not limited
to three.
[0197] FIG. 11C shows a spacer and its surrounding
area. The entire area is classified into regions a, a', b,
b', b", and c according to different intervals between lu-
minescent spots, which require different amounts of cor-
rection. The regions, intended to establish different cor-
rective conditions for different intervals between lumi-
nescent spots, are determined as follows: a row-direc-
tional reference interval and column-directional refer-
ence interval are determined assuming that luminescent
spots are arranged at regular intervals in the row and
column directions over the entire area of the screen, and
based on deviations from the reference intervals, actual
intervals between luminescent spots are classified into
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groups which correspond to the regions. Along the
length of the spacer, a region which contains the devices
nearest to the spacer is designated as region a, a region
which contains the second nearest devices is designat-
ed as region b, a region which contains the devices in
contact with an edge of the spacer and nearest to the
spacer is designated as region a', the region which con-
tains the second nearest devices in contact with an edge
of the spacer is designated as region b', a region which
contains the devices in contact with regions b and a' and
located at an oblique angle to the spacer is designated
as region b". Region c, which is not shown, contains the
other devices. In this way, regions are classified accord-
ing to the extent to which visual unevenness in lumi-
nance is caused by uneven intervals between lumines-
cent spots due to displacement of luminescent spots.
The configuration of the control circuit 10010 in FIG. 12D
can be used here again.
[0198] The terminals Dy1 to Dy720 contain pulse
widths modulated according to desired gradations. On
the panel supplied with a voltage pulse signal with an
electric potential selected for light quantity correction
according to intervals between luminescent spots, only
the surface conduction electron-emitting devices con-
nected to the row selected by a scan circuit 102 emit
electrons for a period which corresponds to the pulse
width supplied by the potential difference between the
selection potential and the electric potential of the volt-
age pulse signal. This causes the phosphors to glow.
Thus, during one scan period (1H), the devices on the
selected row glow according to an image luminance sig-
nal. As the rows are selected by the scan circuit 102 and
scanned sequentially from the 1st to 240th rows, the
panel forms a two-dimensional image.
[0199] The above is an outline of operation for image
formation according to this example.
[0200] There may be a case in which the interval be-
tween a given luminescent spot and one of its adjacent
luminescent spots is smaller than the reference interval
and the interval between the given luminescent spot and
the adjacent luminescent spot on the opposite side is
larger than the reference interval. Basically, however,
corrections can be made taking into consideration the
interval which has the larger influence. In particular, if a
deflector is present, the interval between two adjacent
luminescent spots (luminescent spots A and B) on op-
posite sides of the deflector tends to have a larger
amount of displacement from the reference interval than
do the interval between the luminescent spot A and its
other adjacent luminescent spot C located on the oppo-
site side from the luminescent spot B. In that case, the
quantity of light of luminescent spot A can be corrected
based on its distance from the luminescent spot B. Ac-
cording to this example, a good image was obtained
when Vda, Vdb, and Vdc were set such that the differ-
ence between Vda and Vs would be larger than the dif-
ference between Vdb and Vs while the difference be-
tween Vdb and Vs would be larger than the difference

between Vdc and Vs.
[0201] Besides, the drive condition which is given by
the control circuit 10010 to the voltage drive circuit 1008
may take the form of a preset voltage (e.g., 8-bit binary
number), a signal which will provide a designated po-
tential when subjected to D/A conversion. In that case,
the voltage drive circuit 1008 will be equipped with a D/
A converter for each of the columns which correspond
to the terminals Dy1 to Dy720 of the display panel, will
obtain a drive potential by converting the preset voltage
received from the control circuit 10010 from digital to
analog form, and will apply it to the row wires.

(Example 5)

[0202] This example differs from the fourth example
in that whereas in the fourth example, the potential of
the modulating signal to be applied to the electron-emit-
ting devices connected to a selected row wire is adjust-
ed to correct quantity of light according to intervals be-
tween luminescent spots, in this example, the preset po-
tential inputted in the voltage drive circuit 1008 is kept
constant and an electric potential to be applied from the
scan circuit is selected for light quantity correction.
[0203] Incidentally, according to this example, spac-
ers are arranged continuously along row-directional
wires, as in the case of FIG. 11A.
[0204] Reference numeral 10020 denotes a control
circuit, which receives various timing signals generated
by the timing signal generator 104, generates a drive
condition for the row wire to be selected, and gives it to
the scan circuit 1004. The configurations shown in
FIGS. 12A, 12B, and 12C are suitable for the control
circuit 10020.
[0205] The scan circuit 1004 according to this exam-
ple has approximately the same configuration as that of
the fourth example. It differs only in that aside from the
power supply Vns which supplies the non-selection po-
tential, selection-potential power supplies 10021,
10022, and 10023 are connected to supply respective
selection potentials Vsa, Vsb, and Vsc which corre-
spond to regions a to c. The scan circuit 1004 according
to this example provides a selection potential which cor-
responds to the row wire to be selected, according to
the drive condition provided by the control circuit 10020.
[0206] Favorable image display was realized as the
values of Vsa, Vsb, and Vsc were set such that the dif-
ference between Vsa and the on-state potential applied
to column wires would be larger than the difference be-
tween Vsa and the on-state potential, which in turn
would be larger than the difference between Vsc and
the on-state potential.

(Example 6)

[0207] In the examples described above, when a
modulating signal is applied to column wires, its poten-
tial is set at a designated value. In this example, how-

29 30



EP 1 258 907 A2

17

5

10

15

20

25

30

35

40

45

50

55

ever, when a modulating signal is applied to column
wires, its current is set at a designated value.
[0208] The configuration of this example differs from
that of FIG. 10 in that this example uses preset current
values (8-bit binary number in this example), which are
signals for setting the current values of the signals ap-
plied to column wires by the control circuit 10010, and
that it uses a current drive circuit 1501 instead of the
voltage drive circuit 1008.
[0209] The current drive circuit 1501 contains a shift
register and retains the drive conditions for the column-
directional wires of all the columns by sequentially shift-
ing a preset current value, which is the drive condition
for each column-directional wire and which is received
from the control circuit 10010, by a sampling clock out-
putted from the timing signal generator 104. The current
drive circuit 1501 is equipped with a D/A converter for
each of the columns which correspond to the terminals
Dy1 to Dy720 of the display panel to convert the preset
current value received from a control circuit 10010 from
digital to analog form. Then, it delivers the drive current
obtained by D/A conversion to the surface conduction
electron-emitting devices via the terminals Dy1 to
Dy720 in the display panel 101 for the duration of the
pulse outputted from the pulse width modulation circuit
107 according to a pulse width clock outputted from the
timing signal generator 104.
[0210] According to this example, the drive conditions
output by the control circuit 10010 are preset current val-
ues, but drive conditions a to c may be used instead. In
that case, the current drive circuit 1501 selects a refer-
ence voltage from among Vda to Vdc to obtain a drive
current which corresponds to the drive condition re-
tained for each column. Vda is selected for condition a,
Vdb is selected for condition b, and Vdc is selected for
condition c, and respective drive currents Ida to Idc gen-
erated by using the above reference voltages are ap-
plied to the devices. Preset current value Ida which cor-
responds to region a is the largest and current value Idc
which corresponds to region c is the smallest.
[0211] According to this example, the electric poten-
tial applied to column wires to deliver the preset current
values to the column wires is higher than the selection
potential, causing current to flow from the current drive
circuit to the column wires, but in a configuration in which
the electric potential applied to a selected column wire
is set higher than the electric potential applied to the oth-
er column wires, current flows from the column wires to
the current drive circuit. In that case, the current drive
circuit will be of a draw type.

(Example 7)

[0212] The example described above involves pulse
width modulation. This example involves amplitude
(peak-to-peak) modulation. Incidentally, light quantity
correction is also performed through adjustment of crest
values.

[0213] The configuration of this example is shown in
FIG. 16. It differs from the configuration shown in FIG.
10 in that it uses an amplitude modulation circuit 1601
instead of the pulse width modulation circuit 107 and
voltage drive circuit 1008 which carry out pulse width
modulation.
[0214] The amplitude modulation circuit 1601 con-
tains a D/A converter 16011 for each column-directional
wire and generates drive pulses with pulse width corre-
sponding to inputted image signal strength. Also, it con-
tains a shift register and retains the drive conditions for
the column-directional wires of all the columns by se-
quentially shifting the drive condition for each column-
directional wire, which is received from a control circuit
10010, by means of a sampling clock outputted from the
timing signal generator 104. A D/A reference voltage is
selected for each D/A converter from among Vra to Vrc
according to its drive condition. Among the reference
voltages, Vra is the furthest from the selection potential
Vs and Vrc is the nearest to the selection potential Vs.
Therefore, if the same image signal is input, the ampli-
tude of the drive pulse for the devices in region a is the
largest and the amplitude of the drive pulse for the de-
vices in region c is the smallest. (The drive-pulse ampli-
tude here is the difference between a reference potential
and the potential according to the image signal strength.
The reference potential here is the off-state potential. It
is a value between the selection potential and the po-
tential according to the image signal strength and is set
so that it can be driven in a matrix. In this example, it
coincides with the ground potential.)

(Example 8)

[0215] The configuration of this example is shown in
FIG. 17. It differs from the configurations shown in FIGS.
6 and 10 in that it performs inverse gamma conversion
as well as the light quantity correction according to the
present invention.
[0216] Reference numeral 1701 denotes a control cir-
cuit, which receives various timing signals generated by
the timing signal generator 104, generates a signal in-
dicating the region which corresponds to the devices to
be driven, and gives it to a data conversion circuit 1702.
The configurations shown in FIGS. 12A to 12D are ap-
plied to the control circuit 1701.
[0217] When using an electron-emitting device whose
luminance characteristic with respect to drive pulse
width is linear as is the case with the electron-emitting
device used in this example, it is necessary to carry out
inverse gamma conversion on image data by means of
the data conversion circuit 1702. A typical conversion
curve is characterized in that output data is proportional
to the inverse of the input data raised to the 2.2 power,
as represented by a solid line in FIG. 18.
[0218] In this example, light quantity correction based
on intervals between luminescent spots is performed at
the image data stage. According to the signal which is
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output by the control circuit 1701 and which represents
a region, the data conversion circuit 1702 converts data
by selecting a conversion curve appropriate for the re-
gion containing the devices to be driven. It converts data
by using the curve represented by the dotted line in FIG.
18 for the devices in region a, the curve represented by
the broken line for the devices in region b, and the curve
represented by the solid line for the devices in region c.
[0219] As a result, since larger drive pulse widths are
provided in regions a and b for the same image data, it
is possible to correct visual reduction in luminance and
provide a good image without unevenness in luminance.
[0220] Incidentally, although examples in which elec-
tron-emitting devices are used as display elements have
been described above, unevenness will also occur in in-
tervals between luminescent spots or in displacement
of luminescent spots from their reference positions due
to uneven intervals between display elements when oth-
er display elements such as electroluminescent ele-
ments are used. The present invention can also be ap-
plied to such cases.
[0221] As described above, the present invention can
improve image quality using a simple configuration.
[0222] The present invention relates to an image dis-
play apparatus for forming an image with a plurality of
luminescent spots to be precisely aligned in a matrix.
For example, a spacer disposed between an electron
source and a face plate causes luminescent spots on
the face plate spaced unevenly. The luminescent spots
spaced unevenly will produce a visual unevenness in
luminance which deteriorates the quality of produced
image. By modifying the quantity of light of luminescent
spots spaced unevenly, the visual unevenness in lumi-
nance is compensated.

Claims

1. An image display apparatus comprising:

an electron source having electron-emitting de-
vices; and
an irradiated member which is disposed in op-
posing relation to the electron source and forms
a luminescent spot at a different location on it-
self by irradiation with electrons emitted from
each of said electron-emitting devices,

wherein intervals between adjacent lumines-
cent spots in a given direction are nonuniform, the
quantity of light of at least one luminescent spot is
corrected, and the light quantity correction of the lu-
minescent spot reduces visual unevenness in lumi-
nance.

2. An image display apparatus comprising:

an electron source having a plurality of elec-

tron-emitting devices; and
an irradiated member which is disposed in op-
posing relation to the electron source and forms
a luminescent spot at a different location on it-
self by irradiation with electrons emitted from
each of said electron-emitting devices,

wherein the amounts and/or directions of dis-
placement of luminescent spots from respective ref-
erence positions defined at regular intervals in a giv-
en direction are nonuniform and the quantity of light
of some luminescent spots which form an image are
corrected according to the amounts and/or direc-
tions of the displacement.

3. An image display apparatus comprising:

an electron source having a plurality of elec-
tron-emitting devices; and
an irradiated member which is disposed in op-
posing relation to the electron source and forms
a luminescent spot at a different location on it-
self by irradiation with electrons emitted from
each of said electron-emitting devices,

wherein the amounts and/or directions of dis-
placement of luminescent spots from respective ref-
erence positions defined at regular intervals in a giv-
en direction are nonuniform, the quantity of light of
at least one luminescent spot is corrected, and the
light quantity correction of the luminescent spot re-
duces visual unevenness in luminance.

4. An image display apparatus comprising:

an electron source having a plurality of elec-
tron-emitting devices; and
an irradiated member which is disposed in op-
posing relation to the electron source and forms
a luminescent spot at a different location on it-
self by irradiation with electrons emitted from
each of said electron-emitting devices,

wherein said electron source at least includes
six electron-emitting devices which are arranged in
a given direction and which form six respective lu-
minescent spots, and

among the six luminescent spots, the interval
between the two luminescent spots at the center is
the smallest of the intervals between adjacent lumi-
nescent spots, and a correction has been made to
make the quantity of light of at least one of the two
luminescent spots relatively smaller than the quan-
tity of light of the other luminescent spots.

5. An image display apparatus comprising:

an electron source having a plurality of elec-
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tron-emitting devices; and
an irradiated member which is disposed in op-
posing relation to the electron source and forms
a luminescent spot at a different location on it-
self by irradiation with electrons emitted from
each of said electron-emitting devices,

wherein said electron source at least includes
six electron-emitting devices which are arranged in
a given direction and which form six respective lu-
minescent spots, and

among the six luminescent spots, the interval
between the two luminescent spots at the center is
the largest of the intervals between adjacent lumi-
nescent spots, and a correction has been made to
make the quantity of light of at least one of the two
luminescent spots relatively larger than the quantity
of light of the other luminescent spots.

6. The image display apparatus according to claim 1,
comprising deflectors for deflecting the trajectories
of the electrons emitted from said electron-emitting
devices.

7. The image display apparatus according to claim 2,
comprising deflectors for deflecting the trajectories
of the electrons emitted from said electron-emitting
devices.

8. The image display apparatus according to claim 3,
comprising deflectors for deflecting the trajectories
of the electrons emitted from said electron-emitting
devices.

9. The image display apparatus according to claim 4,
comprising deflectors for deflecting the trajectories
of the electrons emitted from said electron-emitting
devices.

10. The image display apparatus according to claim 5,
comprising deflectors for deflecting the trajectories
of the electrons emitted from said electron-emitting
devices.

11. An image display apparatus comprising:

an electron source having a plurality of elec-
tron-emitting devices;
an irradiated member which is disposed in op-
posing relation to the electron source and forms
a luminescent spot at a different location on it-
self by irradiation with electrons emitted from
each of said electron-emitting devices; and
a deflector for deflecting the trajectories of the
electrons emitted from said electron-emitting
devices,

wherein a plurality of luminescent spots that

form an image include two adjacent luminescent
spots which are placed on opposite sides of said
deflector at an interval smaller than the interval be-
tween any other two adjacent luminescent spots be-
tween which the deflector is not placed and at least
one of whose quantity of light is corrected such that
it will be relatively smaller than the quantity of light
of the other luminescent spots.

12. An image display apparatus comprising:

an electron source having a plurality of elec-
tron-emitting devices;
an irradiated member which is disposed in op-
posing relation to the electron source and forms
a luminescent spot at a different location on it-
self by irradiation with electrons emitted from
each of said electron-emitting devices; and
a deflector for deflecting the trajectories of the
electrons emitted from said electron-emitting
devices,

wherein a plurality of luminescent spots that
form an image include two adjacent luminescent
spots which are placed on opposite sides of said
deflector at an interval larger than the interval be-
tween any other two adjacent luminescent spots be-
tween which the deflector is not placed and at least
one of whose quantity of light is corrected such that
it will be relatively larger than the quantity of light of
the other luminescent spots.

13. The image display apparatus according to claim 11,
wherein said deflector in the image display appara-
tus is a spacer which maintains the interval between
said electron source and irradiated member.

14. The image display apparatus according to claim 12,
wherein said deflector in the image display appara-
tus is a spacer which maintains the interval between
said electron source and irradiated member.

15. The image display apparatus according to claim 1,
wherein said plurality of electron-emitting devices
are arrayed in a matrix and disposed at approxi-
mately equal intervals in the column direction.

16. The image display apparatus according to claim 1,
wherein said plurality of electron-emitting devices
are arrayed in a matrix and disposed at approxi-
mately equal intervals in the row direction.

17. The image display apparatus according to claim 1,
comprising a drive circuit to drive said electron
source, wherein said drive circuit controls arrival
conditions of the electrons emitted from said plural-
ity of electron-emitting devices arrayed in a matrix
to said irradiated member.
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18. The image display apparatus according to claim 1,
comprising means for adjusting the amount of said
light quantity correction.

19. The image display apparatus according to claim 1,
wherein said plurality of electron-emitting devices
are wired in a matrix from a plurality of scan lines
and a plurality of modulation lines, and said correc-
tion is made by controlling the amplitude of a mod-
ulating signal applied to the modulation lines.

20. The image display apparatus according to claim 19,
wherein the amplitude of the modulating signal ap-
plied to said modulation lines is controlled by select-
ing an electric potential from a plurality of predeter-
mined electric potentials.

21. The image display apparatus according to claim 1,
wherein said plurality of electron-emitting devices
are wired in a matrix from a plurality of scan lines
and a plurality of modulation lines, and said correc-
tion is made by controlling the electric potential of
a selection signal applied to the scan lines.

22. The image display apparatus according to claim 21,
wherein the electric potential of the selection signal
applied to said scan lines is controlled by selecting
an electric potential from a plurality of predeter-
mined electric potentials.

23. The image display apparatus according to claim 1,
wherein said correction is made by correcting an in-
put image signal and said electron-emitting devices
is driven by a voltage given by drive pulses gener-
ated based on the corrected input image signal.

24. The image display apparatus according to claim 23,
comprising a memory to store a plurality of transfer
characteristics, wherein said correction is made
through selection of a transfer characteristic for
converting said input image signal.

25. An image display apparatus for forming an image
with a plurality of luminescent spots, wherein:

intervals between adjacent luminescent spots
in a given direction are nonuniform, the quantity
of light of at least one luminescent spot is cor-
rected, and the light quantity correction of the
luminescent spot reduces visual unevenness in
luminance.

26. An image display apparatus for forming an image
with a plurality of luminescent spots, wherein:

the amounts and/or directions of displacement
of luminescent spots from respective reference
positions defined at regular intervals in a given

direction are nonuniform and the quantity of
light of some luminescent spots which form an
image are corrected according to the amounts
and/or directions of the displacement.

27. An image display apparatus for forming an image
with a plurality of luminescent spots, wherein:

the amounts and/or directions of displacement
of luminescent spots from respective reference
positions defined at regular intervals in a given
direction are nonuniform, the quantity of light of
at least one luminescent spot is corrected, and
the light quantity correction of the luminescent
spot reduces visual unevenness in luminance.

28. A display apparatus comprising an electron source
substrate provided with a plurality of electron emit-
ting elements aligned in a matrix, image forming
screen which have a plurality of luminant points,
each point being excited by the electrons emitted
from the corresponding electron emitting device in
the electron source substrate to radiate a visual light
and circuit for driving the electron source substrate
to emit the electrons according to image data,

wherein the image forming screen is arranged
to face the electron source substrate with a spacer
interposing between the image forming screen and
the electron source substrate, and the driving circuit
modifies the driving on the electron emitting devices
aligned within a selected area in the vicinity of the
spacer to reduce a visual unevenness for the lumi-
nant points in the vicinity of the spacer.

29. The display apparatus according to claim 28,
wherein the driving circuit modifies a portion of im-
age data corresponding to the electron emitting de-
vices aligned within the selected area in the vicinity
of the spacer.

30. The display apparatus according to claim 28,
wherein the driving circuit puts a predetermined
weighting on the driving for the electron emitting de-
vices aligned within the selected area in the vicinity
of the spacer.
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